INTRODUCTION
Retinitis pigmentosa (RP) is an inherited photoreceptor degeneration leading to progressive visual loss that affects approximately 1 in 3,000 individuals worldwide ( ). RP is characterized by an initial loss of night and peripheral vision caused by the degeneration of rod 1 photoreceptors, and this is generally followed by the loss of central visual acuity due to secondary degeneration of cone photoreceptors (2 ) . Forty loci responsible for RP have been mapped and 31 of the responsible genes have been identified ( -4 ). Most of the mutations identified to date have been found in genes encoding proteins that are http://www.sph.uth.tmc.edu/RetNet/ expressed specifically or preferentially by rods ( , ), and they generally act by triggering photoreceptor death by apoptosis ( , ). 2 5 -7 8 9 The mouse model of RP carries a recessive mutation in the beta subunit of rod phosphodiestase ( ). The mutation leads first rd1 Pde6b
to the rapid degeneration of rods, and this is followed by the death of cones ( , ). The fact that the gene is expressed solely 6 10 -12 Pde6b by rods implies that the cones degenerate through a non cell autonomous mechanism. Clinically, in humans, the secondary loss of cones is -the event that represents the major visual handicap, since cones are necessary for color and high acuity vision.
To study the mechanisms underlying the secondary cone death, we transplanted the photoreceptor layer from normal mice into the eyes of mice just after rod loss and showed that these grafts resulted in the partial rescue of the host animals cones ( , ). , rd1 2 15 thioredoxin fold ( ), similar to TRX80 ( ). Interestingly, the spliced products of the nucleoredoxin-like genes, the longer isoforms 18 24 RdCVFL and RdCVF2L, which encode putative thioloxidoreductase enzymes, may provide a way to link photo-oxidative stress that affects cones particularly ( ) to an adaptive trophic response ( ). 25 26 We hypothesize that protection of cones in RP could be achieved by recapitulating normal RdCVF expression in patients whose rods have been lost. One way to accomplish this would be through expression of exogenous RdCVF, for example by viral vector delivery ( ), 27 encapsulated cell technology ( , ), or by protein injection ( ). Another approach would be to increase retinal levels of RdCVF by 28 29 30 modulating expression of the endogenous gene. The restricted expression of RdCVF to the retina ( ) (see also at 16 Txnl6
) suggested that it might be possible to upregulate its promoter without significantly affecting expression in other http://biogps.gnf.org tissues. With this goal in mind, we have undertaken an effort to define the promoter and the transcription factors that regulate its Nxnl1 activity. We have taken advantage of the opportunities provided by analysis of the transcriptome of the outer retina to develop a bioinformatic approach to identify candidate transcription factors (TFs) that could regulate expression. This analysis identified 44 Nxnl1 candidate TFs, and these were screened in a transient transfection assay for the ability to transactivate the promoter. We Nxnl1 demonstrate here that the homeoproteins CHX10/VSX2, VSX1 and PAX4, and the zinc finger protein SP3 can activate both the mouse and human RdCVF promoters. The identification of CHX10/VSX2, VSX1, which have been reported elsewhere to be involved in bipolar cells differentiation ( , ), led us to reexamine the expression of RdCVF in the retina. This reexamination demonstrated that RdCVF is 31 32 not only expressed by photoreceptors as previously thought, but is also expressed in the inner retina, most likely by bipolar cells.
RESULTS

Selection of transcription factors candidates
In order to identify transcription factors (TFs) that were candidate regulators of the nucleoredoxin-like 1 ( ) gene, two successive Nxnl1 incremented filters were applied. First, the Transfac database was used to identify transcription factors that are predicted to bind to the Supplementary Table 1 which retained from this set only those TFs expressed in the photoreceptor-containing outer region of the retina (402 TFs), reduced the candidate list to 44 TFs ( ). This selection utilized Affymetrix-based transcriptome analysis of the outer retina of 35 day old mice. Table 1 The expression profiles of this subset of 44 TF candidates can be classified into two patterns based upon relative expression in the photoreceptor region of the retina vs. the whole (neural) retina: 27 TFs have an outer retina/neural retina ratio above 1, indicating preferential expression in the photoreceptor layer (e.g.
) and 32 TFs whose retina/brain ratio is higher that 1, potentially indicating Crx involvement in a function that is particularly important in the retina (e.g.
). As deduced from the pattern of expressed Chx10/Vsx2 sequence tags (ESTs) available in the public databases, some of the 44 candidate factors are preferentially expressed in the retina, while others are more widely expressed ( ). Table 1 Screening of candidate transcription factors for their activity to transactivate the promoter Nxnl1
Although the mouse and human 5 upstream regions do not show any obvious sequence conservation ( ), Nxnl1 ′ Supplementary Fig. 1 which we found to be a surprising finding given their similar expression patterns, we nevertheless screened the 44 candidate TFs on both mouse and human promoter constructs because we felt that the finding of common activity between the two species would likely indicate functionally important conservation that might not be evident from simple linear sequence comparison. For the transactivation assays, 4.2 kb and 2.1 kb of the mouse and human 5 upstream regions, respectively, were cloned upstream of the luciferase reporter plasmid ′ Nxnl1 pGL4. The 44 candidate TFs were tested by transient transfection of HEK 293 cells with increasing dose (0.3, 0.6 or 0.9 g) of the μ respective expression plasmid, and reporter activity was tested by dual luciferase assay 48 hours post-transfection. , , Chx10/Vsx2 Gtf2i , , and were all found to activate the mouse promoter in a dose dependant manner ( ). At the highest transfected Rora Pax4 Yy1 Sp3 RdCVF expression. Furthermore, the fact that only a subset of the tested HD proteins were able to active the RdCVF promoter, even though they all recognize a common TAAT core sequence, demonstrates substantial specificity in the reporter assay used in our analysis.
RdCVF is expressed by cells in the inner retina
From our combined studies, the TFs that showed activity with both the mouse and human promoters were , , , Chx10/Vsx2 Vsx1 Pax4 , , and . As noted above, we felt that these factors that were active on both the mouse and human promoter constructs Sp3 Six6
Irx6 Nxnl1
were the strongest candidates to be biologically important regulators of RdCVF expression . We were therefore surprised to see in vivo and in this group because both have been reported to be expressed in the inner nuclear layer (INL) of the retina but not Chx10/Vsx2 Vsx1 in photoreceptors, and RdCVF was thought to be predominantly expressed in photoreceptors, although a possible signal was present in the The absence of signal in both the ONL and INL of the / retina demonstrates that the observed signal in the wild type retina is real, Nxnl1 − − indicating that in addition to the ONL, RdCVF is also expressed in the INL of the mouse retina.
According to our previous observations ( ), RdCVF is expressed in a rod-dependant manner since it is easily detectable in the retina 16 of PN8 mice, but it is not detectable at PN35, after rod degeneration ( ). The loss of ONL expression of RdCVF seems rd1 
Increased expression of in the inner retina of mice Chx10/Vsx2 rd1
The expression profile of was also studied by hybridization in wild-type (wt) and mutant mice. The expression of Chx10/Vsx2 in situ was localized in the INL of wt mice, consistent with a report ( ), and was found to be expressed at a similar level in the Chx10/Vsx2 35 retina of / mice ( ). In the retina, we observed that expression of was down regulated between PN8 and Nxnl1 − − 
Chx10/Vsx2 binds the Nxnl1 promoter in vivo
The above data is consistent with the possibility that could regulate RdCVF expression in INL cells . In order to Chx10/Vsx2 in vivo assess this hypothesis, we performed chromatin immunoprecipitation (ChIP) with mouse retina and anti-CHX10/VSX2 antibodies. The immunuprecipitate was used as a template for PCR with primers specific to the , and promoter regions (negative Nxnl1 Vsx1 globin β− control). As a positive control, we used the known interaction between CHX10/VSX2 protein and promoter ( ). Compared to the Vsx1 38 no antibody control, amplification of the promoter region was significantly enhanced by the presence of the anti-CHX10/VSX2 Nxnl1
antibody (
). This shows that in the retina , a fraction of CHX10/VSX2 is bound to the promoter, supporting a model in Fig. 5 in vivo Nxnl1 which the activation of expression of RdCVF by CHX10/VSX2 is mediated by binding to an element within the promoter.
Synergistic activation of the promoters Nxnl1
To explore possible interactions and cooperativity between and other selected TFs, we tested activity Chx10/Vsx2 Chx10/Vsx2 individually or in combination with a subset of TFs ( ). On the mouse promoter, the results showed that significant Fig. 6A 
DISCUSSION
A bioinformatic approach to study the promoter Nxnl1
The methodologies employed in the study of gene regulation at the promoter level classically involve gene reporter assays using transient transfection of luciferase, or other, reporters aimed at mapping the promoter sequences necessary and sufficient to drive the activity of the reporter constructs. Thereafter, this mapping information is used to identify, by diverse approaches including one-hybrid screening, the transcription factors (TF) that bind to these DNA elements ( since the absence of phylogenic conservation of the promoter region prevented us from using sequence conservation as a method to Nxnl1 aid in the identification of functionally important sites, we reasoned that the transcription factors regulating the gene should be Nxnl1 expressed in the outer retina. We further reasoned that those TFs that could transactivate both mouse and human promoter Nxnl1 constructs would be particularly strong candidates as biologically relevant regulators. We have defined the transcriptome of the outer retina of the mouse using Affymetrix GeneChip -based microarray analysis, work that took advantage of the layered structure of the retina 
An alternative strategy for preventing central vision loss
In the mouse, a model of retinitis pigmentosa, the expression by rods of the trophic factor RdCVF is lost through their rd1 degeneration, but the reduction in its expression by bipolar cells results from a downregulation of its expression ( ). This the high quality matrices allowing the minimization of the false positive and false negative predictions.
MATERIALS AND METHODS
Animals
RNA purification
The Cesium chloride (CsCl ) method used here was based on the protocol described by Glisin et al ( ). RNA integrity was assessed 2 
51
by denaturant gel electrophoresis, using a method adapted from published procedures ( ).
-58
Transcriptomic analysis
The neural retina was dissected as in ( ) and the brain sample corresponds to the whole brain hemisphere including the cerebellum. 59
The outer retinal cells of the C57/BL6@N at PN35 (n 5) were isolated using vibratome sectioning as described previously ( ). The
RNA was purified by CsCl ultracentrifugation as previously described and used to generate double-stranded cDNA, then transcribed 2 in to form biotin-labeled cRNA, fragmented and hybridized to the mouse Affymetrix U74v2 GeneChips Array for 16 h at 45 C. vitro ®°A rrays were washed and stained using standard protocols ( ). Scanned data (.DAT file) were captured by the Affymetrix GeneChip . 60 ® Laboratory Information Management System that allows for the average intensities for all probes cells (.CEL file). Quality control performed using RReportGenerator ( ) confirmed that all arrays used in the study were of good and consistent quality (available on 61 request). To select the transcription factors, a filter was used to retain 402 TFs with a signal intensity value superior to 40 units in the sample prepared from the outer retina at PN40 after normalization by Robust Multi-array Average (RMA) ( ). 62
Retinobase utilization
Retinobase provides efficient access to the global expression profiles of genes from different tissues (Outer Retina, Neural Retina, and were orientated and flash frozen in O.C.T (Shandon Cryomatrix, Thermo) using liquid nitrogen steam.
hybridization analysis was In situ performed with digoxigenin-labeled riboprobes on 8 m cryostat sagital section through the optic nerve. The probe was generated 
Chromatin Immunoprecipitation
The Chromatin Immunoprecipitation (ChIP) was performed as described previously ( ) ( ). Briefly, retinas from PN35 BALB/c 64 65
wild-type (wt) mice were frozen on liquid nitrogen and kept at 80 C until use. Retina was cross-linked with ice-cold 4 formaldehyde in 
Nrp2
Tissues Expression Profile bioinformatic analysis
The expression profiles on the candidate TFs in and were analyzed with data available at NCBI. The count of EST for each 
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